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DESCRIPTION 
A LEAD-FREE SOLDER, AND A LEAD-FREE JOINT 
Tbclmical Field 

The present invention relates to a solder not containing lead (a lead-free solder) 
and a joint not containing lead (a lead-&ee joint), which are suitable for electronic devices 
or electronic components, for example. 

Background Art 

Soldering has been conventLoncd^ performed for mounting an electronic 
component upon a printed circtut board, or electrically connecting an internal element or 
the like of the electronic component that is mounted upon the printed circuit board. A 
typically utilized solder is an eutectic solder of tin and lead, and when actually mounting 
an electronic component upon the printed circuit board, soldering is performed at a 
maximum temperature of 260°C using a tin- lead eutectic solder with a melting point of 
183°C. 

Soldering for electrical^ connecting an electrode and an element or the like 
included in an electronic component that is mounted upon the printed circuit board 
requires maintaining a stable connection, even at the above-mentioned temperature for 
performii^ soldering on a mounting board. Consequently, a high temperature solder with 
a melting point of at least 260°C must be used for internally soldering the electronic 
component so that tiie joints do not come off even under such conditions. Furthermore, a 
high temperature solder with little characteristic changes under high temperatures is also 
in demand. 
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Solder material of 90 wt% lead and 10 wt% tin with a solid phase temperature of 
268''C and a liquid phase temperature of 301°C, or solder material of 90.5 wt% lead, 8 wt% 
tin and 1.5 wt% silver with a solid phase temperature of 277°C and a liquid phase 
temperature of 290°C, or the like is typically used as the high temperature solder, where 
these solders raise the melting point by using large quantities of lead. 

Incidentally, &om the viewpoint of technical simplicity, reliability and the Uke, 
soldering is essential in the manufacture and assembly of electronic devices. On the other 
hand, since the solder includes lead, which is harmful to the human body, the health effects 
for the workers at the fabricating site of the solder itself^ and at manufacturing sites that 
utilize that solder for soldering devices or the like cannot be overlooked. At the same time, 
in the l^ht of current conditions where a great deal of electrical devices that are no loiter 
in use are disposed, environmental problems arising due to the lead-containing solder 
utilized for such waste products are feared. 

Consequently, recycling waste products and manufacturing methods not using 
harmful substances are proposed. Removal of harmful substances is desired from the 
viewpoint of preventing environmental pollution, where joining techniques using solder is 
not an exception. Materialization of a high temperature solder not containing lead, which 
is a harmful substance, is in demand by the electronic device industry and the like. 

Various techniques relating to solder not containing lead, namely lead-free have 
been previously proposed. For example, techniques relatii^ to solder that is preferable 
for joining fittings and inner wires of control cables for brakes, clutches and tbe like of 
automobiles and motorcycles by adding tin, zinc, and silver are mentioned in Laid-open 
Japanese Patent AppUcation No. 55-65341. Furthermore, techniques heightening joint 
strength by further adding copper are mentioned in Laid-open Japanese Patent 
Application No. 56-69341. 
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In Laid-open Japanese Patent Application No. 11-172352, techniques are 
mentioned where witii zinc as the main mateirial, aluminum, magnesium and gallium are 
added. Laid-open Japanese Patent Application No. 11*172353 discloses techniques where 
with zinc as the main material, aluminum and germanium are added, and tin and/or 
5 indium are also added. Furthermore, solder having a composition of zinc, a material with 
higher vE^or pressure than that of zinc, and tin is mentioned in Laid-open Japanese 
Patent Application No. 2000-15478. 

Incidentally, copper material is typically used eis material configviring electronic 
devices and electronic components, however when using solder containing zinc for 
10 soldering such copper materisil, there are cases where an intermetallic compound 
generates at the joint interfsice of the solder and the copper material if it is left under high 
temperatures, thereby increasing the electrical resistance. 

Since this intermetallic compound is one generated &om copper diffusing in the 
metal components of the solder and has a hard, fragile and rough structure, reduction of 
15 soldering joint strength and reduction of electrical conduction occur. These type of 
problems cannot be resolved with the solder composition disclosed in each of the gazettes 
described above. 

The present invention is one that is devised with the problems described above 
taken into consideration, and the objective thereof is a solder that is preferable for use in 
20 electronic devices and electronic components. In particular, it aims to provide a solder not 
containing lead with zinc as a dominant element, and a joint not containing lead, which 
have stable electrical characteristics that are given by controlling the growth of 
intermetallic compoxmds at the jimctions with the copper. 

25 Disclosure of Invention 
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The following configuration is provided as an example of a means for achieving 
the objectives and solving the above-mentioned problems. Namely, a lead-fiiree solder 
according to the present invention includes, for example, the following configuration. 
Namely, the lead-fi:ee solder contains zinc and tin, and also contains 6 weight percent or 
5 less nickel with a liquid phase temperature of 260^*0 or greater. 

Furthermore, a lead-fi%e solder according to the present invention includes the 
following configuration. Namely, the lead-fi%e solder has a liquid phase temperature of 
260°C or greater, and contains 30 to 70 weight percent zinc, 5 weight percent or less nickel, 
and the remaining weight percent lin. 
10 Moreover, the present invention includes the following configuration. Namely, a 

lead-firee solder contains adnc and tin, and also contains 5 weight percent or less nickel and 
0.5 weight percent or less aluminum with a liquid phase temperature of 260*^0 or greater. 

Furthermore, a lead-firee solder according to the present invention includes the 
following conjuration. Namely, the lead-firee solder contains zinc and tin, and also 
15 contains 1 weight percent or less copper with a liquid phase temperature of 260'*C or 
greater. 

A lead-firee solder according to the present invention further includes the following 
configuration. Namely, a lead-firee solder containing zinc and tin, wherein the content 
ratio of zinc and tin is set so that the temperature difference between a solid phase 
20 temperature and a liquid phase temperature is at least 60°C. 

As another means for achieving the objective given above, the present invention 
includes the following conjuration. Namely, a lead-firee joint contains zinc and tin, and 
also contains 5 we^ht percent or less nickel. 

Furthermore, a lead-firee joint according to the present invention contains 30 to 70 
25 weight percent zinc, 6 weight percent or less nickel, and the remainii^ weight percent tin. 
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Moreover, the present inventioa includes the following configuration. Namely, a 
lead-free joint contains ^nc and tin, and also contains 5 weight percent or less nickel and 
0.5 weight percent or less Eduminum. 

A lead-free joint according to the present invention further contains adnc and tin, 
5 wherein the content ratio of zinc suid tin is set so that the temperature difference between 
a solid phase temperature and a liquid phase temperature is at least 60°C. 

For example, the lead-fr«e joint accordii^ to the present invention is used in 
copper connections. 

Brief Description of Drawings 
FIG. 1 is a graph illustrating the growth of an intermetallic compound in a solder 
or the like according to an embodiment of the present invention; 

FIG. 2 is a graph showing melting points of solder that contains tin, zinc, and 
nickel in the case where the ratio of zinc is varied; and 

FIG. 3 is a graph showing differences in growth of the intermetallic compound due 
to differences in zinc content. 

Best Mode for Carrying Out the Invention 
An embodiment according to the present invention is described in detail forthwith 
20 while referencing accompanied drawings and tables. As described above, since soldering 
electronic components onto a printed circuit board is normaUy performed at a temperature 
of approximately 260**C, the lead-free h^h temperature solder, for example, utilized in 
order to secure the joints of the internal elements or the like of the electronic components 
mounted upon the board under these conditions must be a high temperature solder with a 
25 melting point of 260°C or greater. 
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Furthermore, the lead-firee high temperatiire solder must not utilize lead as its 
metal composition, and must he conjured with components that control generation of 
intermetaUic compounds. In addition, the solder utilized for electrical connections in 
electronic components and electrical devices must be configured with material that has a 
5 low electrical resistance value and high conductivity. 

Consequently, a solder with a high percentage of zinc is designed in this 
embodiment by considering the £act that, compared to the specific resistance of tin beu^ 
20.648 iiQ-cm (20°C), zinc has a resistance of 5.916 pQ*cm ^O'C), a melting point of 
419°C, and high conductivity, which is an important feature fijr joints of electronic 
10 components, and is distinctly an inexpensive metallic material. 

Furthermore, the fSact that zinc is an indispensable nutritional element for 
humans, and that the required daily amount for adtdt men and women as well as the 
acceptable daily intake has been determined (for example, see the Chemical Substances 
Safety Evaluation Sheet) have been taken into account. 
15 On the other hand, tin is known not to affect the hximan body, where with this 

embodiment, focusing on zinc and tin (with a melting point of 231*'C), solder made of metal 
components that allow reduction in affects to the human body is proposed. 

Inventors repeatedly performed tests and trial production, while fidfiUing the 
conditions described above, in order to find a suitable metal composition not containing 
20 lead, and verified whether the obtained samples can be applied to the high temperature 
solder. In the tests, metal alloys containing tin and zinc as a main component with the 
varied content ratio of tin and zinc are obtained, and properties with respect to a solid 
phase temperature and a Uquid phase temperature of these alloys are primarily verified. 

As a result, tin-zinc alloy configured of 20 to 70 weight percent zinc and the 
25 remaining weight percent tin has a fixed solid phase temperature of about 200*C. In the 
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case of the alloy containing 20 weight percent zinc, it is verified that a liquid phase 
temperature is about 260"'C, which rises when the ratio of zinc is further increased. 

In other words, by setidng the content ratio of tin and zinc so that the temperature 
difiference between the soKd phase and liquid phase temperature is at least 60°C, 
5 requirement for the high temperature solder can be fulfilled where the solder is durable to 
the temperature or the like when mounting components onto a printed circuit board. 

Conditions mentioned above are a fundamental requirement for the present 
invention. 

Inventors focused attention on adding nickel to the above-mentioned tin-zLnc alloy 
10 as a means for deaUng with problems that intermetaUic compovmds generate and the 
resistance value rises at soldering places. The content ratio of the solder made of tin, zinc, 
and nickel as the main components is then varied so as to perform characteristic tests 
thereof. 

More specifically, tests are performed for lead-free solder configured of 30 to 70 
15 weight percent zinc, 0.01 to 5 weight percent nickel, and the remaining weight percent tin. 
It should be noted that in the case where the ratio of zinc is under 30 weight percent, the 
solder liquid phase temperature may not be maintained at 260°C or greater, and is thus 
not suitable for the high temperatiure solder used within the internal conjuration of 
electronic components. Furthermore, in tiie case where the ratio of zinc exceeds 70 
20 weight percent, there are problems of rising liquid phase temperatures, increasing 
hardness, and complicating workability of the solder. 

Table 1 shows the residts of measuring the resistance value of solder when the 
compositional ratio of zinc is varied. The test sample is a thread solder of length 30 cm 
with a 1.6 mm diameter, where ten samples of the respective compositional ratios are 
25 measured and the average value thereof is then calculated. 
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Tkble 1 



Sample No. 


CSomposition [wt%] 


Resistance Value [Ul 


1 


Sn-30Zn-2Ni 


14.5 


2 


Sn-40Zn-2Ni 


13.8 


3 


Sn-50Zn-2Ni 


12.5 


4 


Sn-60Zn-2Ni 


11.6 


5 


Sn-70Zn-2Ni 


10.4 


6 


Sn-90Pb 


27.0 



As is apparent from the results given in Table 1, since the resistance value of the 
5 solder according to this embodiment is at most half the resistance value of the conventional 
solder (Sample No. 6) made of tin and 90 weight percent lead, it sufficiently contributes to 
the demand for maintaining high conductivity. It should be noted that from the viewpoint 
of Uquid phase temperature, workability and the like, the optimum compositional ratio of 
the tin- zinc- nickel solder is 40 to 60 weight percent zinc, 1 to 3 weight percent nickel, and 
10 the remaining weight percent tin. 

Next, the intermetallic compound mentioned above is described. For example, in 
the case of soldering onto copper or a copper alloy a solder made of zinc and tin, due to 
copper difEusing into zinc under such environmental conditions as exposure under high 
temperatures of lOO^C or greater, an intermetalKc compound of the zinc and copper may 
15 generate on the joint interface of the zinc and copper. As a result, the electrical resistance 
at the soldering places increases. 

Since copper material is typically used for maintaining conductivity in electronic 
devices and electronic components, minimizing the increase in electrical resistance due to 
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generation of such intermetallic compounds is necessary firom the viewpoint of assuring 
reliability and performance of devices and the like. 

FIG. 1 is a graph showing the intermetallic conqpound growth over time when 
samples of tinned copperplate are soldered with a solder containing tin and 60 wt% zinc (■ 
5 symbol in the drawing, a solder containing tin, 60 wt% zinc, and 0.01 wt% nickel (A 
symbol in the drawing), a solder containing tin, 60 wt% zinc, and 0.1 wt% nickel (# 
symbol in the drawing), and a solder containing tin, 60 wt% zinc, and 5 wt% nickel (♦ 
symbol in the drawing), and samples of 2 pm* thick tinned copperplate undercoated with 
nickel are soldered with a solder containing tin and 60 wt% zinc (O Eymbol in the 
10 drawing^ and a solder containing tin, 60 wt% zinc and 0.7 wt% copper (□ symbol in the 
drawing when exposed under the condition of 125''C. 

It can be understood jGrom the test results given in FIG. 1 that with a nickel 
undercoated copperplate, the growth generated thickness) of the intermetallic compound 
is approximately 1 pm, which has little affect on changes in the resistance value. This 
15 means that nickel plating is utmost effective in controlling intermetallic compound growth. 

Furthermore, it can be understood from FIG. 1 that in the case of the nickel-added 
solder, the growth of intermetallic compounds is controlled in comparison to solder without 
nickel added thereto. It is preferable that the amount of nickel to be added be 0.01 to 5 
weight percent, which allows the intermetallic compound growth to be less than half. 
20 However, as long as nickel is added thereto, even if it is less than 0.01 weight percent, 
there is the effect of controlling the intermetallic compound growth. 

FIG. 3 shows differences in intermetallic compound growth in the case where a 
Sn- Zn solder with varied zinc content is soldered to a copperplate and exposed for 1000 
hours under the condition of 125''C. According to the drawing, it is understood that the 
26 thickness of the intermetallic compotmd to be generated increases as the amount of zinc 
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increases. Accordingly, increasing the nickel content amount proportional to the content 
amount of zinc is effective to control intermetallic compound growth, and the ratio of the 
amount of nickel to zinc is preferably at least 0.16 weight percent. 

It should be noted that even in the case of adding 0.1 to 1 weight percent of copper 
5 instead of the nickel, the same control effect for the intermetallic compound is obtained as 
when nickel is added thereto. In this manner, the solder containing nickel or copper 
makes it unnecessary for the copper material to be already undercoated with nickeL 

On one hand, it has been verified that adding 5 weight percent nickel improves 
solder wettability and generates fluidity. This improvement in wettability is an 
10 advantage (improvement in solderability) for zinc-type solders, however, since solders 
move in a solid- liquid coexistent state, fluidity is cause for changing joint form due to 
reheating in the manufacturing process of electronic devices and electronic components. 
Consequently, the upper limit for the added amount of nickel is 5 wt%, for example. 

It should be noted that joints, for example, maintain connections in electronic 
15 devices and electronic components between each part, such as an element and an electrode 
having predetermined electrical characteristics, an electrode of an electronic component 
and a wiring pattern on a printed circuit board, or the like. 

As a joint formation method of the present invention, the joints of the elements 
and electrodes may be configured using the solder pre set with the solder compositional 
20 ratio established according to the present invention, or it may be one where joints fulfilling 
the compositional ratio indicated by the solder according to the present invention are 
configured as a result from melting and mixing, for example, a first solder containing tin 
and zinc, and a second solder containing nickel and aluminum when connecting and fixing 
together the element portions and electrode portions. 
25 With this embodiment, 0.01 weight percent aluminum is then further added to the 
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intermetallic compound, which is made of the metal components tin, adnc, and nickel, as a 
measure for the fluidily descrihed above. As a result, chaise in joint form is prevented 
throtigh improvement in fluidity. 

Ihble 2 shows the rate of change in the resistance value in the case where 
aluminum is added to solder material made of the metal components tin, zinc, and nickel. 
The data given in Tkble 2 is test results of resistance value variations where a tinned 
copper land pattern of 2mm Squares with a 5 mm pitch is formed upon a printed circuit 
board, and a 100 jun silver plated copper wire is crossed and fbced to that pattern with 
solders made of each of the metallic compositions given in the table, when it is exposed to 
125''C for 500 hours. 



Table 2 



Sample No. 


C!omposition [wt%] 


Rate of Chsmge in Resistance Value [%] 


1 


Sn-60Zn-2Ni 


1.1 


2 


Sn-60Zn-2Ni-0.0lAl 


1.6 


3 


Sn-60Zn-2Ni-0.5Al 


1.9 


4 


Sn-60Zn-2Ni-lAl 


3.3 



As shown in Table 2, it is iinderstood that adding aluminum to a solder made of 
15 tin, zinc and nickel increases the rate of change in its resistance value (it is particularly 
noticeable in the case of the composition of Sample No. 4). This emanates from oxidation 
of the aluminum, where the vdtimate addition of aluminum is an effective means for the 
fluidiiy of solder, while increasing the aluminum increases the rate of change in its 
resistance value, thereby the appropriate upper Umit of aluminum to be added is 0.5 
20 weight percent. Accordingly, the added amount may be chosen within this range in 
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conformity with the aspect of utilizing the solder not containing lead according to the 
present invention. 

It should be noted that aluminum does not have to be added to a solder when 
utilizing in an allowable fluidity, however, adding at least 0.01 weight percent is preferable 
5 for convenience of handling the solder. 

FIG. 2 shows the melting point of a solder that contains tin, zinc, and nickel (2 
weight percent) in cases of varied ratios of zinc. According to the drawing, in the case 
where the compositional ratio of zinc is 30 weight percent, the solid phase temperature of 
the solder is 199°C and the liquid phase temperature is 325°C, where the liquid phase 
10 temperature rises as the ratio of zinc increases. It should be noted that the added amount 
of nickel or aluminum according to the scope of the present invention indicates solid phase 
temperatures and liquid phase temperatures almost equivalent to those in FIG. 2, whereby 
the solder according to the embodiment of the present invention is clearly fulfQling the 
requirement for the fluid phase temperature of 260'C or greater. 



percent, the liquid phase temperature is approximately 370*C, which is sufELcient for use in 
electronic devices and electronic components. 

Furthermore, a characteristic properly of the solder according to this embodiment 
is that it st^s in a solid-liquid coexistent state between the solid phase temperature and 

20 liquid phase temperature, which holds the characteristics given below. Namely, it is 
verified as a result of the tests that between the solid phase temperature and liquid phase 
temperatiure the solder is in a solid-liquid coexistent state with roughly a sherbet 
consistency in which wettability is low and the soldered area does not spread. As a result, 
the shape of the joint formed using the solder according to this embodiment is maintained 

25 even if e3q)osed under a temperature between the soHd phase temperature and Uquid 
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phase temperature, which is maintained by heating such as reflowing. If the temperature 
drops, the solder condenses once again, whereby the connection state of the joint does not 
change. 

It should be noted that the lead-free solder described above is not only appUcable 
5 when utilized for the joining method where a necessary amount is provided at joining 
places of junction targets and then melted so as to join therebetween, but also when with 
the lead-free solder is kept in a molten state for a long time period, the junction targets are 
soaked in the lead-free solder in this molten state so as to be joined together. 

As described above, a solder not containing lead having exceUent characteristics 
10 but not having any harmful effects to the environment due to harmful substances, and a 
joint not containing lead are provided according to the present invention. 

Namely, the same low price as the solder containing lead can be maintained by 
making the solder have a metal composition of tin and zinc without containing harmfid 
substances such as lead, and solder fluidity can be improved by adding nickel to such tin- 
15 zinc alloy. In addition, by making the solder have a metal composition of tin and zinc, 
processing the solder becomes easier even when a thread solder or a foil solder is necessary 
for manufacturing electronic devices or components. 

Furthermore, a high temperature solder not containing lead can be provided 
where since solderabiHty improves due to improvements in solder fluidiiy. the connected 
20 state of the soldered joints can be satisfactorily maintained, and soldering does not have 
adverse effects on the electronic components. 

Moreover, adding aluminum (for example, 0.01 weight percent) to the metal aUoy 
made of the metal components tin, zinc, and nickel allows improvement in solder heat 
resistance and fluidity, and as a result, preventing increases in electrical resistance due to 
25 intermetallic compounds and changes in solder joint form due to reheating. 
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It should be noted that the composition of the solder not containii^ lead and the 
joint not containing lead accordii^ to the present invention may include imavoidable 
impurities, other than substances described above as components comprisii]^ the present 
invention. For these unavoidable impurities, descriptions of JIS Z3282:1999 and 
5 ISO9453:i990 provided respectively by the Japanese Industrial Standards (JIS) and 
International Organization for Standardization (ISO) serve as a reference. The 
composition of the solder does not depart from the scope of the claims of the present 
invention even when containing such unavoidable impurities. 

While the invention has been described with reference to particular example 
10 embodiments, further modifications and improvements which will occur to those skilled in 
the art, may be made within the purview of the appended claims, without departing from 
the scope of the invention in its broader aspect. 

Industrial Applicability 

15 The present invention has been described in detail thus far. It provides a solder 

not containing lead and a joint not containing lead having excellent characteristics but not 
including any harmful substances. 

The present invention provides a high temperature solder not containing lead 
where since solderabiliiy improves due to improvements in solder flxzidiiy, the connected 

20 state of the soldered joints can be satisfactorily maintained, and soldering does not have 
adverse effects on the electronic components. In addition, the solder of the present 
invention provides improvement in solder heat resistance and fluidity which prevents 
increases in electrical resistance due to intermetalHc compounds and changes in solder 
joint form due to reheating. 

25 
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